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Abstract: Physical activity (PA) is central to maintaining health and wellbeing as we age. Valid, 12 
reliable measurement tools are vital for understanding, and evaluating PA. There are presently 13 
limited options for comprehensively, accurately and affordably measuring older adults’ PA at scale. 14 
We aimed to develop a digital PA measurement tool specifically for adults aged 65+ using a person-15 
based approach. We collated evidence from target users, field experts and relevant literature to learn 16 
how older adults comprehend PA and would accept a digital tool. Findings suggest older adults’ 17 
PA is often integrated into their daily life activities and that commonly applied terminology (e.g. 18 
moderate and vigorous) can be difficult to interpret. We also found there is increasing familiarity 19 
with digital platforms amongst older adults, and that technological simplicity is valued. These 20 
findings informed the development of a digital tool that asks users to report their activities across 21 
key PA domains and dimensions from the previous 7-days. Users felt the tool easy to navigate and 22 
comprehensive in terms of activity reporting. However, real world usability testing revealed that 23 
users struggled with seven-day recall. Further work will address issues identified, including 24 
creating a single-day reporting option, before commencing work to validate this new tool. 25 
Keywords: physical activity; older adults; measurement; digital health  26 
 27 
1. Introduction 28 
Physical activity (PA) is widely recognised as a key constituent of healthy ageing given its 29 
protective positive association with cardiovascular health, cognitive health, physical frailty and 30 
chronic disease [1-5]. Moreover, PA affords older adults the ability to maintain their independence, 31 
engage with their communities and maintain a high quality of life into their later years [6]. The UK 32 
Chief Medical Officer (CMO), American Centre for Disease Control (CDC) and the World Health 33 
Organisation (WHO) are among the many global organisations who advocate that, to achieve these 34 
benefits, older adults should aim to: accumulate 150 minutes of at least moderate intensity PA per 35 
week; reduce their sedentary time and undertake activities targeting strength and balance on at least 36 
two days per week [7-9]. Unfortunately, older adults tend to be the least active sector of the 37 
population: recent population data from the UK suggest that only 12% of people over 65 years old 38 
and 6% of people over 75 years old meet both the guidelines for aerobic activity and strength and 39 
balance [10]. In order to help preserve health and wellbeing in this ever-growing proportion of 40 
society, there remains a need to fully understand and increase older adults’ PA [11]. 41 
The precise measurement of PA is essential for improving our understanding of, and ability to 42 
help optimise, relevant behaviours. Measurement of both the quality and quantity of individuals’ PA 43 
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allows better understanding of its relationship to health and wellbeing; through identifying 44 
individuals or groups who are inactive; by providing feedback to individuals on the appropriateness 45 
of their current PA behaviour; and by evaluating the success of interventions or initiatives aimed at 46 
increasing PA [12-14]. The gold standard of energy expenditure measurement is indirect calorimetry 47 
(IC) measured by metabolic chambers or carts, or the doubly labelled water (DLW) technique. 48 
However, these methods are expensive and unfeasible to use at scale, and do not capture other health-49 
harnessing dimensions of PA [15]. For use in the field, current commonly used PA measures can 50 
broadly be categorised as device-based or self-report. Device-based (sometimes referred to as 51 
objective) measures such as accelerometers have been heralded as a superior method for quantifying 52 
PA in terms of moderate and vigorous intensity PA (MVPA) and sedentary behaviours [16], but can 53 
require much effort on the part of the processing researcher or practitioner to retrieve, handle and 54 
analyse their data [17]. Furthermore, they provide little contextual information about the type of PA 55 
and remain costly – often prohibitively so- for use in large cohort studies or intervention trials [18]. 56 
Alternatively, self-report measures are typically paper-based tools and benefit from being 57 
affordable for use in large studies, and facilitate the collection of qualitative and quantitative 58 
information about the type of PA. However, these approaches are criticised for their reliance on 59 
participants’ recall, which could be influenced by limitations to memory and social desirability bias 60 
[18]. Furthermore, such measures often focus on assessing MVPA whilst neglecting of other key 61 
dimensions of PA for older adults [19]. Sustained MVPA is often unobtainable for older adults for 62 
multiple physical (e.g. cognitive, mobility impairment) or psychosocial reasons (e.g. low self-efficacy, 63 
loneliness)[18].There is mounting evidence that replacing sedentary behaviours with light activity, 64 
strength, balance and short bouts of movement/ sedentary breaks have enormous merit for 65 
maintaining health, wellbeing and independence in older adults [20]. Accordingly, it is vital that a 66 
tool to measure older adults’ PA captures these dimensions too. Indeed, a recent systematic review 67 
concluded that many existing self-report measures do not pay sufficient attention to content validity 68 
to allow comprehensive assessment of older adults’ PA [21]. A final, but important, limitation of 69 
existing self-report tools relates to evidence that they are often difficult to interpret and respond to 70 
(i.e. low face-validity), using terminology and/or response formats that are not well understood or 71 
clearly explained [22-24]. Developing a method to assess older adults’ PA that overcomes the 72 
respective limitations of contemporary tools would be highly advantageous for both research and 73 
practice [25]. 74 
A promising approach may be to harness the functions of digital technology to deliver a tool 75 
that facilitates self-reporting of all dimensions of older adults’ PA with an option for provision of 76 
feedback. There are several reasons to think this may be a valuable avenue to explore. Firstly, older 77 
adults are increasingly more prevalent users of digital technologies including personal computers, 78 
tablets and smartphones [26, 27] meaning that this is an ever-more familiar platform for them to 79 
engage with. Additionally, the potential functionality afforded by the online (versus paper) delivery 80 
of a PA assessment tool (e.g. interactive components, visual representation, on-screen prompts) may 81 
plausibly help to overcome some of the limitations of existing self-report measures – e.g. complex 82 
response formats. Furthermore, the ease with which digital tools can be shared and, engaged with 83 
by, users [28] could provide an easy and cost-effective method for collecting data on a large scale.  84 
To ensure the development of a suitable digital assessment tool we first need to understand how 85 
acceptable a technology-based tool would be to older adults, and explore their understandings of 86 
terminology and conceptualisation of PA. As such, it seems vital that the approach to developing 87 
such a tool should have a central emphasis on seeking the views and experiences of those it will be 88 
designed for. A useful framework for guiding a rigorous user engagement process is the Person-89 
Based Approach (PBA) to intervention development [29]. The PBA comprises two core elements: 1) 90 
conducting in depth qualitative research from the outset of the research process to understand the 91 
needs, preferences and life-context of intended users, and 2) the formulation of Guiding Principles to 92 
underpin the development of the relevant tool [29]. It is an approach that, to date, has primarily been 93 
successfully applied to the development of behaviour change interventions across a range of health 94 
contexts [30]. However, the PBA’s core elements can be usefully applied in the current context. 95 
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The primary aim of this study was to employ Person-Based approach to guide the development 96 
of a tool for the ‘Digital Assessment of Precise Physical Activity’ (DAPPA) amongst adults aged 65 97 
and over. Specifically, we aimed to develop a tool that accurately captures the key dimensions of 98 
older adults’ PA, is easy to interpret and use, and has the ability to provide brief feedback to users on 99 
their current behaviour. This paper outlines the development of the tool as well as key findings from 100 
that process.  101 
2. Materials and Methods  102 
We employed a Person-Based Approach [29] to developing the DAPPA tool, triangulating our 103 
findings with evidence gathered from a range of additional sources. This occurred in two interrelated 104 
phases - planning and optimisation. These phases were conducted in an iterative manner (see Figure 105 
1) and the contributing elements of each are described further below. Ethical approval was obtained 106 
from the Research Ethics Approval Committee (REACH), University of Bath, Reference: EP 18/19 019. 107 
 108 
Figure 1. Overview of DAPPA tool development process. 109 
2.1. Planning Phase 110 
The planning phase of the process aimed to collect evidence from a range of sources to inform 111 
what should be the most important objectives and features for the tool, culminating in the 112 
development of ‘Guiding Principles’. Guiding Principles are a way of structuring the underpinning 113 
knowledge and understanding of the target users and relevant behaviours in order to maximise the 114 
acceptability, engagement and effectiveness of the tool being developed [29].  There were three main 115 
components of this phase: reviewing existing literature, qualitative interviews with target users of 116 
the tool, and an expert survey – each is described further below. Findings from each of these 117 
processes, along with the Guiding Principles, are reported in the subsequent results section. 118 
2.1.1. Reviewing the literature 119 
Early in the planning process, we conducted rapid scoping reviews [31] of two key areas of 120 
literature relevant to the development of the tool: 1) articles relating to existing self-report measures 121 
of PA – especially those for older adults; and 2) qualitative literature about older adults’ experiences 122 
of PA. This review work aimed to gain deeper insight into: 123 
  124 
• common problematic features or characteristics of existing self-report PA measures;  125 
• any issues specific to PA measurement in older adults;  126 
• the meaning and importance of PA to older adults; and 127 
• older adults’ use and understanding of language and terminology relating to PA. 128 
  129 
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For both areas of literature, we conducted searches in Medline, Embase, CINAH, PsychINFO, 130 
Cochrane database and Web of Science between February and April 2019. Initial searches for articles 131 
relating to measurement of older adults’ PA returned large numbers (multiple thousands) of matches, 132 
many of which were not relevant on title screening. Accordingly, we restricted this search to match 133 
terms in the title and abstract only and limited to review articles only. The resulting matches were 134 
still numerous and far more relevant to our aims. Database searches were conducted by EP and RE. 135 
Matching records were imported into Rayyan QCRI [32] where duplicates were removed and 136 
screening decisions were made and recorded. For the ‘measures of PA’ literature, EP screened all 137 
records and RE screened 60% to check for agreement. For the ‘older adults’ experiences of PA’ 138 
literature RE and MW independently screened all articles. In both cases agreement was high (>90%) 139 
and any differences in decision were discussed and agreement reached. After screening, we extracted 140 
and collated information about: specific measures examined in the reviews; any strengths and 141 
limitations discussed; and key characteristics of the measure, such as whether it was designed for a 142 
specific population or measured specific dimensions of PA. From the qualitative experiences of PA 143 
literature, we extracted data from each of the included studies about key themes arising in the 144 
analysis. 145 
2.1.2. Focus group and qualitative interviews 146 
Alongside the literature reviewing, we also conducted one focus group (n=5) and ten one-to-one 147 
qualitative interviews with older adults to explore their experiences and understandings of various 148 
aspects of PA. Specifically, this primary qualitative work sought to gain a better understanding of:  149 
 150 
• what PA means to older adults and how they think and talk about it; 151 
• their experiences of measuring their own PA;  152 
• what their perceptions are about the role of technology in PA; and   153 
• what types of activity they choose to engage in and why. 154 
 155 
Participants were recruited through identification via the University of Southampton’s 156 
Psychology Volunteer Participant database. Potential participants matching eligibility criteria (aged 157 
65 and above, willing and able to access the internet, and who perceived themselves to be physically 158 
capable of at least some PA(i.e. not currently injured or disabled)) were sent an email invite to 159 
participate in either a focus group or a one-to-one semi-structured interview at a suitable location for 160 
all participants. RE and JDD facilitated the focus group and qualitative interviews were conducted 161 
by JDD. The same interview schedule was used in both and covered the topics described above. The 162 
second phase of the interview provided participants with a two existing commonly used self-report 163 
PA measures (the International Physical Activity Questionnaire-Elderly (IPAQ-E) [33] and 164 
Community Healthy Activities Model Program for Seniors (CHAMPS) [34]) and asked them to spend 165 
few minutes completing these before discussing their impressions of these measures. All interviews 166 
were audio-recorded and transcribed verbatim. Data were analysed and organised into themes 167 
according to the principles of thematic analysis [35].  168 
2.1.3. Expert survey 169 
In parallel with the other development activities, we designed a brief online qualitative survey 170 
to obtain the views of professionals working with older adults in a variety of PA-related settings. In 171 
particular, we sought input from academic researchers focussing on PA, physiotherapists, 172 
occupational therapists and those working in the leisure industry such as personal trainers and 173 
activity class leaders. The aim was to understand the views of professionals who frequently use self-174 
report PA measures. In particular, we were keen to hear about: 175 
 176 
• what they deemed to be important aspects of PA for older adults; 177 
• their perceptions of common barriers to older adults’ PA; 178 
• any issues they experienced with commonly used self-report measures; and 179 
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• perspectives on optimum measurement of older adults’ PA. 180 
 181 
The brief survey consisted of one multiple choice and five short free-text responses and could be 182 
completed by anyone who had the URL to access it. Members of the research team shared this URL 183 
with relevant contacts in their network. It was also shared via Twitter by MW and RE who 184 
encouraged retweeting by their networks – particularly amongst those with relevant expertise. Local 185 
leisure centres were also contacted to share with their staff who work with older adults. Responses 186 
to the survey were collected automatically and downloaded from the survey software. The free text 187 
responses were descriptively coded and summarised, drawing on areas of consensus but also seeking 188 
to present the range of views and experiences expressed. 189 
2.2. Optimisation Phase 190 
The planning phase culminated in the development of ‘Guiding Principles’ that shaped the 191 
creation of a fully functioning prototype tool. Each Guiding Principle consisted of: a design objective, 192 
capturing a behavioural need, or challenge identified as relevant and important to older adults in the 193 
context of measuring and obtaining feedback on their PA; and key features of the measurement tool 194 
that aimed to address each of these objectives [29]. These guiding principles underpinned the 195 
development of the prototype tool. In the following optimisation phase we then conducted think 196 
aloud interviews to obtain feedback on all aspects of the prototype tool to inform changes required 197 
to maximise its suitability, acceptability and usability for intended users. In the secondary part of this 198 
phase, we ran a preliminary validation study to assess the construct validity of the prototype tool. 199 
This compared data collected by the revised version of the tool with that from a commonly used 200 
device-based measurement of PA, and three paper based self-report tools. Participants in this 201 
validation study were asked to provide feedback on the usability and acceptability of the tool during 202 
a brief telephone interview at the end of their participation. Each of these elements of optimisation is 203 
discussed in further detail below. 204 
2.2.1. Think Aloud interviews 205 
Ten think aloud interview participants were recruited from those participants willing to be re-206 
contacted from the development phase qualitative interviews and focus group (n=15). During each 207 
think aloud interview participants were asked to use the prototype DAPPA tool and to share their 208 
immediate thoughts and reactions to all aspects of tool (content, presentation and functionality) with 209 
the researcher present (JDD). Users were primarily encouraged to offer their own thoughts on each 210 
page of the tool but were also prompted for additional information where necessary (e.g. “What are 211 
you thinking now?”, “What do you understand by that message”, “What made you decide to click on that 212 
button?). These interviews were audio-recorded and transcribed verbatim.  213 
The data were then analysed to rapidly identify changes that could maximise the acceptability, 214 
usability and engagement with the tool. To do this, we began by collating all positive and negative 215 
comments relating to specific elements of the tool into a ‘table of changes’. We discussed the 216 
frequency and relative importance of these positive and negative comments within the team and 217 
coded possible targets for change by deciding whether any amendment was likely to enhance the 218 
tool’s accuracy, usability and acceptability. For example, we considered: whether several participants 219 
provided the same feedback; if the potential change aligned with our guiding principles; and whether 220 
any of the evidence we had collected reinforced that the change could make the tool more accurate, 221 
easy to use, or engaging for older adults [36]. We prioritised changes that met one or more of these 222 
criteria – for example, an issue raised by multiple participants that also aligned with one of the tool’s 223 
guiding principles would be considered high priority. Low-priority changes were only implemented 224 
if they were relatively simple and non-controversial. This analysis was conducted alongside ongoing 225 
think-aloud interviews to allow iterative modification of content prior to the next interview where 226 
changes were non-controversial. More complex changes were left until the end to gather the 227 
maximum amount of data. Once it seemed that no further important changes were required, we 228 
considered that data saturation had been reached [36]. 229 
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2.2.2. Usability study 230 
Once adaptations were made based on the think aloud interview data a new set of participants 231 
(n=20) were recruited to use the tool for a two-week period. The objectives of this study were:  232 
 233 
• to investigate the user facing and technical functionality of the DAPPA tool when used 234 
in a real-world context;  235 
• to evaluate the acceptability of the DAPPA tool to users and identify further 236 
improvements; and, if the data permitted,   237 
• explore the preliminary validity of DAPPA and compare its assessment with existing 238 
device based and self-report measures. 239 
 240 
Participants for the usability study attended a set-up session in which they signed informed 241 
consent and completed a demographics questionnaire. They were given an ActivPAL [37] PA 242 
monitor (Criterion) and three self-report questionnaires: International Physical Activity 243 
Questionnaire-older adults short form (IPAQ-E, [33]); Physical Activity Scale for Elders (PASE, [38]); 244 
and the Godin Leisure Time Questionnaire (LTEQ, [39]), against which to compare the data from the 245 
DAPPA survey. The ActivPAL device, which has been validated for assessing sedentary and PA 246 
behaviour [40, 41] was placed in a waterproof latex sheath and fitted to the midpoint of the left 247 
anterior thigh of the participant using Tegaderm tape. Participants were instructed to keep the device 248 
on for 14 consecutive days. 249 
The DAPPA tool was designed to capture PA behavior over the previous 7-days. As such, 250 
participants were instructed to complete the DAPPA tool and first set of questionnaires after eight 251 
days, and the second set after 15 days (so that the data in each case related to the seven previous days 252 
full ActivPAL wear). An email prompt containing a link to the DAPPA survey and the participants’ 253 
unique log in was sent to participants on these days along with a reminder to complete the three self-254 
report questionnaires. After completion of the second weeks’ data collection, participants posted their 255 
surveys and the ActivPAL device back to the research team in a prepaid envelope. Participants who 256 
indicated that they would be happy to be interviewed then underwent an audio-recorded telephone 257 
interview that asked them about their experiences of using the DAPPA tool. 258 
3. Results 259 
3.1. Planning Phase 260 
Figure 2 summarises the key findings from the literature review, qualitative data and expert 261 
survey that contributed to the development of Guiding Principles, and subsequently to the prototype 262 
intervention itself. Additional detail about the results of each activity is provided in the relevant 263 
sections below. 264 
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Figure 2. Key findings from planning phase. 266 
3.1.1. Reviewing the literature 267 
In the ‘measurement of PA’ area of literature our searches initially identified approximately 1200 268 
records matching our search terms. After removal of duplicates (approx. 900) and title and abstract 269 
screening, we were left with 48 articles for full text review of which 30 were deemed relevant to 270 
inform the guiding principles. In the ‘older adults’ experiences of PA’ area of literature initial searches 271 
matched approximately 1000 records. After removal of duplicates (approx. 600) and title and abstract 272 
screening, we were left with 70 articles for full text review, of which 34 were retained to inform 273 
development of the guiding principles. Key evidence collated from these rapid reviews of the 274 
literature is summarised in figure 2 with example references from the review evidence. 275 
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3.1.2. Focus group and qualitative interviews 276 
Table 1 provides the participant characteristics of individuals who took part in either the focus 277 
group (n=5) or a one-to-one interview during the development phase (n=10).  278 
Table 1. Characteristics of participants in the planning phase. 279 
Characteristic Planning phase participants (n=15) 
Gender 
Female  8 (53%) 
Male 7 (47%) 
Age (mean (SD) range) 74.3 (5.0) 68 - 83 
65-74.9 8 (53%) 
75+ 7 (47%) 
Marital Status 
Married/cohabiting 9 (60%) 
Divorced/single/widowed 6 (40%) 
Education 
Secondary or less 5 (33%) 
Further education 5 (33%) 
Higher education 5 (33%) 
Employment 
Retired 14 (93%) 
Part time employment - 
Unpaid volunteer 1 (7%) 
Data reported as n (%) unless specified. 280 
 281 
A summary of the key findings arising from the thematic analysis and illustrative quotes are 282 
provided in table 2 below. 283 
Table 2. Key findings and illustrative quotes from qualitative data. 284 
Key findings Participant quotes 
PA seen as ‘movement’; 
inclusive of day-to-day activity; 
involves exertion 
“Yes, I think it’s about mobility, moving. I don’t think it’s particularly sports. It’s 
your activity that you do in your everyday life.” (Focus Group, Female participant) 
 
“Increased heartrate. Possibly sporting activities or even domestic, doing the 
gardening. Anything that gets you moving” (Focus Group, Male participant) 
 
“Movement and energy. It covers a whole range of things from day-to-day tasks 
of daily living to, at the other end, extreme sports, or anything in between such as 
walking, cycling. A whole range of stuff.” (P006, female, 76) 
Variation in how existing 
common terminology 
interpreted; items not seen to 
capture one’s activity especially 
well 
“Yeah, I’d describe it as slow walking or wandering rather than walking leisurely. 
Why not that? This is stationary but why not? Interesting. Why are they – just 
interested in why they separated it.” (P002, female, 69) 
 
“I just don’t feel that it captures… My problem is that I’m not a black and white 
person. […] I’ve got lots of fuzzy edges and the fuzzy edges don’t fit in with this 
and therefore you’re not going to capture a true story of people’s physical activity 
unless you look at the fuzzy edges.” (Focus Group, Female participant). 
Majority familiar/ comfortable 
with computer/ tablet/ 
smartphone, but lack of interest 
and/or confidence in wearable 
technology – often thought of as 
more ‘for others’; but some 
recognition of utility in terms of 
motivation 
“I’ve got friends that use [an activity monitor] and they use them religiously for 
about three months and never use them again. For me, what I saw of them is that 
you come quite manic about keep looking at their watch or whatever it is they 
were wearing, to see how many they’d done, and in the end they’d stand on the 
step on the spot and do steps, which is fine because they still use up the energy 
but I think either you walk or you don’t walk and knowing how far you’ve 
walked doesn’t really make much difference so for me personally, no, I wouldn’t 
bother with that.” (P001, female, 72) 
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“Well, having an app that or a device that tells you how much activity you’ve 
undertaken is useful. I’ve got the Tom Tom watch that does the 10,000 – well, it 
counts your steps. I appreciate they’re not that accurate but it’s a guide to how 
physically active you’ve been […] Yes, if I haven’t done many steps I think I 
should have done a bit more exercise today.” (P003, male, 68) 
Common motivations and 
determinants (barriers and 
facilitators) of activity 
“The hardest thing is to get people motivated and that’s for all of us in this room. 
We’ve all motivated ourselves somehow ‘cause we want to either live a bit longer, 
be a bit fitter and do things a lot longer than maybe our contemporaries.” (Focus 
Group, Male participant) 
 
“I used to love walking but I have got a lung condition and it limits me. I get very 
annoyed about it. I don’t think about it all the time but I’m quite a quick person 
and it’s when I try to do things too quickly I’m pulled back. Really I did play golf 
but I had to pack that up. I had to pack it up. I stick to the swimming now as the 
only thing I really do.” (P005, female, 71)  
 
“I’m very, very organised so I think to be honest I don’t think there’s anything 
that makes it difficult, maybe because I love it as well, I love the actual feeling of 
being out there on my bike. When I’m on the indoor bike I have a news stand in 
front with a book so I can read at the same time.” (P002, female, 69) 
3.1.3. Expert survey 285 
Nine individuals responded to the expert survey, all of whom identified themselves as academic 286 
researchers working within the field of older adults’ PA. All respondents indicated familiarity with 287 
at least one existing self-report PA measure – most commonly the IPAQ (short or long version), PASE 288 
or CHAMPS. The majority reported concerns about the accuracy of data obtained from existing self-289 
report measures citing recall issues, over-reporting and difficulty for users in interpreting items. 290 
Several suggested that simpler wording and more visual elements may facilitate response to such 291 
measures. A large proportion of respondents cited strength and balance training as especially 292 
important for older adults’ PA. With regards to frequency, duration and intensity, they tended to 293 
agree that frequent bouts of activity, even if short duration and light intensity, are likely to be 294 
beneficial and achievable for most older adults. Respondents’ views about common barriers to PA 295 
amongst older adults largely coincided with those identified from the literature reviews and from the 296 
qualitative interviews. They suggested that illness, pain and mobility related issues often prevented 297 
engagement in PA, as well as other commitments and responsibilities taking up time, and a lack of 298 
access to appropriate facilities or resources. 299 
3.2. Guiding Principles 300 
The findings from the planning phase described above were triangulated and informed the 301 
Guiding Principles, as outlined in Table 3 below. These guiding principles underpinned the 302 
development of the prototype tool described in the following section. 303 
  304 
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Table 3. Guiding Principles for the development of the DAPPA tool. 305 
Design Objective Features 
To minimise cognitive demand 
(e.g. recall, interpretation, 
clarity of instruction, ease of 
use) 
• Diary format to ask for reporting of specific days anchored with days and dates 
• Reminder that it may be useful to consult a diary if kept 
• Simple, jargon free language 
• Linear layout with simple login procedure 
To present activity options in a 
meaningful, easy to interpret 
way 
• Activities to select from categories in line with how/where/when conducted  
• Avoidance of  asking people to report their activity in terms of ‘light, moderate, 
vigorous’ terminology as this is often open to interpretation 
To allow easy reporting of 
wide range of activities across 
all dimensions important to 
older adults’ PA 
• Wide range of light, moderate, vigorous and strength/balance/flexibility 
dimension activities included for users to select their activities from 
• Choices labelled according to specific activity 
• Categories of activities organised by how/where/in what circumstances it might 
be performed (i.e. Home and Garden, Sports and Exercise, Out and About, Social and 
Leisure) 
• Allows selection of activity, time of day and approximate duration rather than 
needing to type lots of information about activity type and duration 
To increase older adults 
awareness/knowledge of their 
own PA 
• All activities assigned MET value that, alongside reported duration, facilitates 
calculation of minutes of exercise per week in different activity intensities. 
• Presents brief (including visual) feedback about current activity levels in relation 
to national government guidance on PA for older adults 
• Simple recommendations made tailored according to individual’s PA 
performance relative to national guidance and realistic for older adults in light of 
common barriers. 
3.3. The DAPPA tool 306 
The DAPPA tool was developed as a responsive web application enabling users to access and 307 
use the tool from any device with an internet connection, such as desktop computers, tablets and 308 
mobile phones. The tool was given a user-facing name ‘My Activity Diary’. The tool consists of three 309 
sections; user administration, the activity diary, and feedback. 310 
The user administration section consists of a registration/login function, user admin (updating 311 
account information and passwords) and the homepage. During the initial registration process users 312 
provide their age, gender, height and weight. Following registration, or login for returning users, 313 
users are presented with the homepage which has buttons to access the tool, change their password, 314 
update their personal details (age, gender, weight, height) and log out.  315 
In the tool, users are initially asked to insert an approximate time they wake up and go to sleep 316 
each day. They are then shown an instruction page before reaching the Activity Diary. Users are 317 
advised that they will be required to report their activity for the preceding seven days. The Activity 318 
Diary page starts with a heading that informs the user which day they are filling in activities for, 319 
including the day, date and how many days ago this was (up to seven). Completing the activity diary 320 
then involves selecting activities completed from 83 available activities (Supplementary File 1) chosen 321 
for inclusion on the basis of the primary interviews and literature. These activities are organised into 322 
four domains based on the way older adults described their activity behaviour: ‘Home and Garden’ 323 
– activities conducted in and around the home; ‘Out and About’ - activities that are part of daily life 324 
routines or getting from place to place; ‘Sport and Exercise’ – activities performed intentionally with 325 
the purpose of keeping fit and active; and ‘Social and Leisure’ – activities that are secondary to 326 
meeting with others or hobbies/pastime activities. 327 
Once the type of activity is selected, users are asked to report other key dimensions of each 328 
activity, e.g. how long they engaged in this activity for and, optionally, whether they did it in the 329 
morning, afternoon or evening. Once completed, the chosen activity turns green to show that it has 330 
been successfully entered. Users are able to deselect, edit and re-select activities. They can also move 331 
backwards and forwards between days to allow them to make changes should they remember new 332 
activities or need to correct mistakes. After completing the diary for the most recent day users are 333 
then prompted to submit their diary.  334 
An additional feature evaluated in the present study was the use of a feedback page that informed 335 
user about their PA behaviour for the week comparative to the UK Chief Medical Officer’s guidelines 336 
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for older adults [6]. This feedback page, designed to be distinct from the measurement tool itself, 337 
includes both text and visual information about: the minutes of light, moderate and vigorous exercise 338 
completed; how many times strength and balance activities were done; average daily sleep; and 339 
average daily sedentary time. A tailored feedback message was also included based on their 340 
proximity to achieving the 150 minutes of moderate to vigorous PA and two times per week strength 341 
and balance activity. For example, users who achieve less than 50% of the recommended targets, see 342 
a message including the following feedback: 343 
 344 
‘Any amount of physical activity has benefits even if it's only a few minutes here and there or lighter levels 345 
of activity. Being physically active is one of the best ways to make sure you can keep doing the things you enjoy, 346 
stay healthy and strong, and feel good. To get the most benefit, it is recommended that adults do at least 150 347 
minutes of moderate activity a week. If higher levels of activity are a bit too much at the moment, doing light 348 
activity is still great. Light activities help to break up the amount of time you spend sitting or lying, and can 349 
help build you up to more energetic activities when you’re ready, so keep going with those activities!’  350 
 351 
Figure 3 below shows screenshots of key pages of the tool before and after feedback from think 352 
aloud interviews. 353 
 354 










Figure 3. Screenshots from the My Activity Diary tool: original and post think aloud versions. 355 
A final, non user-facing, feature of the DAPPA tool is the data extraction function. Data collected 356 
by the activity diary includes total minutes of light, moderate and vigorous activity, classified using 357 
the Ainsworth (2011) compendium of physical activity Metabolic Equivalent of Task (METs) [59]. The 358 
number of strength and balance activities, walking time and sedentary time can also be extracted. 359 
The age, height and weight data input by the user is used to estimate resting metabolic rate, which in 360 
turn enables an assessment of energy expenditure based on reported activity. This information is also 361 
broken down by day and, where given by the user, morning, afternoon and evening. For each 24-362 
hour period, time that was not allocated to sleep or specific physical activities is assumed to be 363 
sedentary time. 364 
3.4. Optimisation Phase 365 
Table 4 summarises participant characteristics of those participating in both the think aloud 366 
interviews and the usability study elements of the optimisation phase. 367 
Table 4. Characteristics of participants in the optimisation phase. 368 
Characteristic 






Female  4 (40%) 10 (53%) 
Male 6 (60%)  
Age (mean (SD) range) 74.2 (5.4) 68-83 73.7 (5.5) 66-90 
65-74.9 5 (50%) 10 (53%) 
75+ 5 (50%) 9 (47%) 
Marital Status 
Married/cohabiting 7 (70%) 14 (74%) 
Divorced/single/widowed 3 (30%) 5 (26%) 
Education 
Secondary or less 3 (30%) 9 (47%) 
Further education 4 (40%) - 
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Higher education 3 (30%) 10 (53%) 
Employment 
Retired 10 (100%) 17 (89%) 
Part time employment - 2 (11%) 
Unpaid volunteer - - 
Data reported as n (%) unless specified. 369 
a These were 10 of the 15 participants recruited into the planning phase.  370 
 371 
3.4.1. Think Aloud interviews 372 
Ten participants took part in one think aloud interview each. The interviews ranged from 21 - 373 
53 minutes with a mean duration of 33 minutes. In general, participants were positive about the 374 
prototype tool from the early interviews, with most finding it relatively easy to navigate and 375 
understand. Several commented that they found it better than the paper versions they had worked 376 
with in the previous phase of work in terms of being easier to complete and edit as they went along 377 
and a sense that it would provide a more accurate picture of their activity. It was also considered 378 
relatively comprehensive in the activities to choose from. However, participants did raise a number 379 
of issues that highlighted aspects of the tool requiring further work to optimise its utility and 380 
usability. Table 5 shows a summarised excerpt from the table of changes analysis, and outlines some 381 
of these key issues, and how they were addressed. 382 
  383 
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Table 5. Key issues arising from think aloud interviews and changes implemented. 384 
Section/aspect 
of tool 
Summary of issue 
identified 
Example Change implemented 
Activity choices 
and selection 
Some users mentioned 
looking for very specific 
examples of activities to 
report that they could 
not find. 
“… it was mainly [going to] the 
doctor and the hospital because I 
have to go backwards and forwards 
several times there and, of course, 
you have to walk to the bus stop 
and then get on the bus and do that 
and that wasn’t covered. There was 
leisurely walking, but I consider 
leisurely walking going out for a 
leisurely walk, not your everyday 
things you have to do that you have 
to walk to.” (P001,female, 72) 
Rather than add lots of 
additional separate activities that 
could become excessive to look 
through, such specific activities 
were added as examples in the 
relevant activity – e.g. within 
‘Out and about’ section 
(activities outside the house that 
often include getting to and from 
places), we added walking to 
appointments as one of the 
examples in the ‘walking’ 
activity.  
Users sometimes 
missed reporting an 
activity/ chose an 
alternative/related 
activity before later 
finding the appropriate 
one. 
“No. Oh, I forgot about yoga. I do 
that most days but for about 10 
minutes. Does that count as well? 
Right, okay. That’s interesting. 
Perhaps a reminder that people 
have to go right to the bottom 
because I didn’t go right to the 
bottom, and I do yoga every day. 10 
minutes in the morning and 10 
minutes in the evening. So, really, 
I’ve missed that out. Perhaps just a 
reminder. Go right to the bottom of 
the sheet.” (P002, female, 69) 
Added brief text before the first 
page of the activity diary to 
encourage people to look 
through all categories of 
activities first before starting to 
report their activity to avoid 
missing out activities or 




Tool doesn’t allow user 
to indicate if an activity 
spanned multiple time 
periods – for example – 
late morning/early 
afternoon 
“Yeah, ‘cause we were doing it in 
the morning and the afternoon, but 
not in the evening, and then I don’t 
seem to have an option to do 
morning and afternoon.” (P003, 
male, 68) 
 
Modified reporting functionality 
so that users can tick all that 
apply from ‘Morning’, 




Several remarked that 
having their diary or 
calendar to hand would 
be useful in recalling 
what they did on 
specific days 
“It might have been quite a good 
idea if I’d known I was gonna be 
thinking back for the week so that I 
had my […].  If I was going to do 
this then I would probably spend 
time thinking, oh yeah, and look at 
the calendar and think, oh, I did 
that, oh yeah, I did that.  Because, 
as you get older you don’t 
remember.” (P009, female, 70) 
Added a notice on the 
instructions page to recommend 
that users have diary to hand if 
they use one as it may aid recall 




Users sometimes lost 
track of what day they 
were entering activity 
for 
“Just for Thursday? (Interviewer: 
Yes). I thought it was for the whole 
seven days.” (P007, female, 83) 
 
“Yeah, perhaps that needs – does it 
actually state it and I’ve missed it? 
‘Cause it had Thursday 11 July. 
Perhaps put Thursday 11 July on 
there – you know, the date on there 
as well.” (P002, female, 69) 
Enhanced the ‘day/date/ X days 
ago’ title at the top of each page 
to make this more prominent 
and also fixed this header so that 
it’s visible regardless of how far 
down a page people scroll as a 
reminder. 
Some users weren’t 
clear that they could 
move between days 
during completion 
“Ah the next day, can you go 
backwards? I jumped to the next 
day.” (P012, male, 77) 
 
“Oh I just remembered what I was 
doing last Thursday, I was coming 
back from France. Can we go back? 
Added detail about function of 
the back button by adding 
sentence next to it explaining 
that participants can return to 
previous days to amend or add 
to what they have already 
reported. 
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Can I go back and change it?” 
(P011, male, 76) 
3.4.2. Usability study  385 
Of 19 individuals who provided written consent to start the usability study, 17 provided 386 
complete ActivPAL data (in two cases a fixing failure meant that the device was removed) and 18 387 
provided complete questionnaire data. This study marked the first test of the DAPPA database under 388 
study conditions. Unfortunately, owing to unforeseen issues linking the PHP hypertext pre-processor 389 
(PHP) database with the University of Bath servers, data from the DAPPA tool was only retrievable 390 
for nine participants, rendering the preliminary validation futile. Nonetheless participants were able 391 
to use the tool and ten of the recruited participants (n = 5 female, mean age = 71 years (SD = 4 years), 392 
range = 67-77 years) agreed to take part in the telephone evaluation interviews. 393 
3.4.2.1. Evaluation interviews 394 
Participants who completed evaluation interviews voiced both positive and negative 395 
perceptions of the DAPPA tool. In general, participants reported that they found the tool’s interface 396 
easy to use and navigate, although several would have liked more initial instruction on what 397 
activities need to be reported and are available to choose in the tool, 398 
“…there were other things, like cooking I suppose… I didn’t class as an active- you know, sort of general 399 
household stuff, bit of gardening I overlooked until I caught up with that, but I think if I’d actually had the list 400 
of possible activities in front of me before I started, I would have been better prepared.” (DPA004) 401 
Related to this, some reported disliking the drop-down activity menus and would have 402 
preferred to see all the activity options in a single screen, which may have prevented them missing 403 
activities, particularly non-structured exercise activities. 404 
The main criticism of the tool, reported by all interview participants, was the weekly completion; 405 
having to recall in detail all their activities from the past 7 days was difficult and participants felt that 406 
it resulted in them giving inaccurate reports, 407 
“I couldn’t remember what I’d done five or six days ago exactly. I knew if I’d been to the shops, but not 408 
what I’d done in general... I felt I couldn’t be accurate enough.” (DPA002) 409 
After completing the DAPPA tool for the first week, the majority of participants kept a written 410 
daily diary of their activity during the second week to help them complete the tool. Most participants 411 
felt that it would be quicker and enable more accurate reporting to complete the tool on a daily rather 412 
than weekly basis, although one participant thought that daily completion “might become a bit of a 413 
chore” (DPA011) and was happy to keep a written diary.   414 
Participants appreciated the feedback given after completing the tool, with a couple mentioning 415 
that it had made them more aware of and motivated to minimise the amount of time they spend 416 
being sedentary. Others found the feedback reassuring “that I am doing the right level of exercise for me” 417 
(DPA007). While none reported being de-motivated or tempted to reduce their activity as a result of 418 
the feedback, one participant speculated that receiving feedback of higher than expected activity 419 
might “make you complacent” (DPA002). A couple of participants saw the value of the feedback for 420 
tracking progress and suggested that it would be helpful to see and compare results for individual 421 
days and at different points throughout the year, 422 
“getting your score for that day, so you can see the difference between the days, maybe you do some regular 423 
exercise or travel somewhere, or do something, you’d see the difference between those days, and days where 424 
you're sort of sat around watching telly or reading the paper.” (DPA001) 425 
4. Discussion 426 
This paper has documented the systematic, person-based development of the DAPPA tool to 427 
measure older adults’ PA behaviour. This section outlines how key findings from our collated 428 
evidence relate to both tool development and the wider literature, and how we plan to take the 429 
development of the tool forward. 430 
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Several key messages arising from the study’s planning phase relate to the wider literature about 431 
older adults’ PA.  Firstly, PA is thought of in very broad terms by older adults – not just within the 432 
traditional definitions of ‘exercise’ but as ‘movement’, and is frequently embedded in daily life 433 
activities. Indeed, a recent systematic review similarly concluded that older adults construe PA as 434 
being tied up in day-to-day life activities – particularly those that they value and enjoy- and stress 435 
the importance of recognising this for interventions aiming to increase such behaviours [60]. This 436 
understanding of how older adults perceive their PA behaviours played an important role in 437 
informing how the tool groups and presents activities for users to select from. Accordingly, the 438 
grouping of activities to select from in the tool is framed around the context in which activities occur, 439 
rather than in terms of activity intensity, as is often traditionally presented. 440 
Relatedly, we found there to be widely held doubts about the utility of traditional terminology 441 
such as ‘moderate’ and ‘vigorous’ for helping older adults to understand and report PA. Our primary 442 
qualitative data collected from older adults and field experts both suggested such terminology to be 443 
problematic in terms of being difficult to interpret or judge, and apparent variation in individuals’ 444 
understandings of what these terms mean. For example, several participants’ comments suggested 445 
that they thought of terms such as ‘moderate’ and ‘vigorous’ in relation to the duration of an activity 446 
or distance travelled rather than activity intensity. These findings were echoed in the evidence 447 
collated by the review of the literature. Indeed, this key message is reiterated in the findings of a 448 
recently published study exploring communication relating to PA behaviours amongst underserved 449 
communities (in which older adults were included). One of the study’s key conclusion was that the 450 
language used to communicate about PA should be simple and jargon free avoiding terms such as 451 
‘moderate’, ‘vigorous’, and ‘intensity’ that are often perceived as inaccessible or even intimidating 452 
[61]. 453 
A final key message concerns older adults’ perceptions of technology and its relation to PA 454 
behaviours. The collated evidence suggested that older adults have a growing familiarity with 455 
technologies such as computers, smartphones and tablets and many are relatively willing and able to 456 
use these at at-least a basic level. This aligns with national reports demonstrating older adults to be 457 
rapidly increasing users and owners of digital technologies and services [62]. Several of our 458 
participants recognised the potential value of wearable technology in terms of motivation and self-459 
monitoring of PA behaviour, even if they had little interest in it for their own use. We took these 460 
views as a promising indication that a digital measurement tool should be at least accessible to many 461 
older adults. Furthermore, by involving them throughout the early development process, as 462 
advocated by recent recommendations about using technology to support older adults PA [63], we 463 
hope to have ensured that it is also usable, acceptable and engaging. 464 
Following the iterative optimisation of the DAPPA tool, we obtained promising feedback to 465 
suggest that it is largely accessible and easy to use with indications from some users that they feel it 466 
characterised their activity more accurately than their previous experience of paper self-report 467 
measures. However, the real-world usability study highlighted that the seven-day reporting format 468 
was deemed problematic by all users, placing too much demand on recall. There were also some 469 
indications that users were unsure about what activities should or should not be reported, leading to 470 
lack of reporting in some cases. Finally, there were issues with the technical data collection aspect of 471 
the tool evidenced by the data loss in the real world usability study. In terms of developing the tool 472 
further, we would prioritise addressing these problems before attempting to comprehensively 473 
validate the tool. 474 
To address difficulties with the seven-day recall element of the tool, we plan to create a version 475 
that allows users to select how many days they wish to retrospectively report activity for. This would 476 
offer the flexibility of reporting activity a day at a time, or being able to report blocks of days’ activity 477 
at once if preferred. A recent study evaluating the relative performance of seven-day and single-day 478 
reporting of PA amongst young active adults concluded that the shorter recall periods may improve 479 
the measurement quality of PA questionnaire [64]. Given that older adults are more susceptible to 480 
difficulties with memory and recall [18] this seems likely to be beneficial in this context. Moreover, a 481 
digital tool may alleviate issues concerning the feasibility and participant burden that a move 482 
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towards a multi-sample, single-day PA measure might otherwise incur [64], as has been observed in 483 
the measurement of other health-related behaviours [65, 66]. 484 
With regards to addressing problems with uncertainty about which activities need to be 485 
reported, we propose enhancing the instructional information at the start of the tool about the scope 486 
and nature of activities that should be reported. Whilst the tool does already provide instruction 487 
around this, existing literature acknowledges the need for engaging with, and following, instructions 488 
as a potential limitation of diary or log-format measurement tools [21, 42]. In trying to address this, 489 
we will attempt to make further use of the digital format to make these instructions more engaging – 490 
potentially by reducing the textual information that appears at one time, and by simplifying other 491 
aspects of the page to reduce any potential distraction from key messages [67]. 492 
Whilst this study collated evidence from a range of sources to inform development of the 493 
measurement tool, some limitations of the study should be noted. The number of people who 494 
contributed to the expert study was relatively small (n=9), although not substantially smaller than 495 
samples used in expert consensus activities in other recent studies [68]. However, whilst we 496 
endeavoured to seek the views of a range of experts with this survey (including health and sports 497 
practitioners and leisure industry professionals etc.), we only succeeded in recruiting academic 498 
professionals. This may have precluded a wider range of experiences and views being recorded by 499 
the expert survey. Relatedly, it is possible that recruitment of our development phase participants 500 
from a volunteer participant pool risked selection bias in favour of those more interested in, and 501 
possibly knowledgeable about, the research process and topic. This may have affected the range of 502 
experiences and views we recorded. Whilst our sample characteristics did appear relatively varied, 503 
in further work we will aim to recruit from a broader range of sources and seek a maximum variation 504 
sample, particularly in terms of current physical activity levels, education status and age. In addition, 505 
although our initial intention had been to conduct a preliminary validation of the tool, the loss of data 506 
in the real world usability study meant that this was not possible. We believe the technical issues 507 
resulting in data loss to be a result of incompatibility of the tool with the hosting institution’s servers. 508 
As such, there may not be a specific issue to address, but we will fully review and test the tool’s 509 
database to ensure confidence in its data collection and storage capabilities.  510 
Once the database is fully operational and adjustments to the DAPPA tool itself have been 511 
implemented, the next logical step would be a thorough validation against criterion PA measures 512 
[25]. Whilst our priority for further development of the tool will be in its capacity as a measurement 513 
tool, a further potential avenue for development relates to the feedback element. In line with our 514 
planning phase findings about the motivational quality of feedback from PA-related technology, 515 
optimisation phase findings similarly suggested feedback offered users useful insight into their 516 
current behaviours and could be valuable for keeping track of progress. In this respect, there may be 517 
scope for further optimisation of the activity diary inclusive of the feedback component. Such a tool 518 
could potentially act as a ‘light-touch’ PA intervention through offering a means of self-monitoring 519 
behaviour and receiving personalised feedback [69, 70].  520 
This study has created, and provided preliminary evidence about the acceptability and content 521 
and face validity of, a digital PA assessment tool for older adults. Whilst further work is still required 522 
to optimize and validate the tool, this represents an important step towards addressing the 523 
limitations of current PA assessment options [21], and consequently providing a better 524 
understanding of older adults’ physical activity behavior. Beyond the immediate relevance to the 525 
DAPPA tool, some observations arising from the development work will be of interest to 526 
practitioners and the wider research field. This includes the ambiguity in older adults’ interpretation 527 
of commonly used PA terminology, which may have implications for how PA recommendations are 528 
communicated.  529 
In addition, this study has some important methodological implications. It has demonstrated 530 
how the person-based approach to intervention development can be successfully applied to the 531 
development of a measurement tool. The PBA’s application here provides evidence that its focus on 532 
in-depth understanding of target users and their behaviours, in combination with developing 533 
guiding principles, is transferable and relevant beyond the scope of intervention development. As 534 
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well as offering a systematic development process, the PBA can provide deeper insight into the 535 
experiences and behaviours of those individuals at the centre of the process, making important 536 
contributions to relevant literature. This evidence of the broader applicability of the PBA has 537 
important implications for any research seeking to develop a tool for users whose relevant 538 
experiences, life contexts and perceptions are poorly understood. 539 
5. Conclusions 540 
Using a systematic, person-based, development approach, we have created the Digital 541 
Assessment of Precise Physical Activity for older adults. The tool captures more than 80 activities of 542 
the past seven days and captures different domains (‘home and garden’, ‘out and about’, ‘sport and 543 
exercise’ and ‘social and leisure’) and dimensions (frequency, duration, type and intensity) of PA as 544 
well as sedentary behavior. Informed by literature, field experts and target users, the DAPPA tool 545 
employs a simple to use, interactive online diary format. The tool aligns with older adults’ 546 
conceptualisations of PA behaviour and technological capabilities. Future work will refine the tool 547 
based on the learnings documented in this preliminary study, and validate it for use in the field. 548 
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Supplementary File 1 – Activities available to select in DAPPA Tool 712 
 713 
Activity METs Ainsworth (2011) 
Compendium of 
Physical Activity Code 
Home and Garden 
Light Gardening (e.g. light weeding, trimming shrubs) 3.5 08239 
Heavy Gardening (e.g. heavy weeding, shovelling) 5.0 08241 
Ironing 1.8 05070 
Lawn mowing 4.5 08125 
Cooking 2 05050 
Light Housework (e.g. sweeping, vacuuming) 2.8 05025 
Heavy Housework (e.g. washing windows, cleaning gutters) 3.3 05030 
Laundry 2 05090 
Caring for a disabled partner/family member 4 05200 
Working on car 3.3 06030 
Home repair (e.g. DIY, decorating) 4.5 06127 
Walking the dog 3 17165 
Out and About 
Leisurely Walking (e.g. around town, to the doctors) 3.5 17160 
Brisk Walking (e.g. to the shops, around town) 4.3 17200 
Leisurely Cycling 3.5 01018 
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Cycling 7.5 01015 
Walking the dog 3 17165 
Shopping 3.3 05060 
Carrying shopping 2.5 05055 
Volunteering 3 21070 
Driving 2.5 16010 
Travelling on public transport (e.g. train or bus) 1.3 16016 
Labouring 4.0 11120 
Custodial work 2.3 11125 
Office work 1.5 11580 
Retail work 3 11600 
Sports and Exercise 
Leisurely Walking 3.5 17160 
Brisk Walking 4.3 17200 
Hiking 6 17080 
Cycling (Leisurely) 3.5 01018 
Cycling 7.5 01015 
Archery 4.3 15010 
Badminton 5.5 15030 
Basketball 6.5 15055 
Snooker/Pool 2.5 15080 
Bowling 3 15090 
Canoeing/Kayaking 3.5 18070 
Cricket 4.8 15150 
Croquet 3.3 15160 
Exercise Bike (Stationary) 7.0 02010 
Exercise class 5  02061 
Football 8 15230 
Golf (Walking) 4.3 15255 
Golf (Using a cart) 3.5 15290 
Hockey 7.8 15350 
Horse riding 5.5 15370 
Jogging 7 12020 
Light calisthenics (e.g., situps, abdominal crunches) 2.8 02024 
Moderate calisthenics (e.g., push ups, sit ups, pull-ups) 3.8 02022 
Martial Arts (gentle practice) 5.3 15425 
Martial Arts (vigorous practice/sparring) 10.3 15430 
Mountain Biking 14.0 01003 
Pilates 3.0 02105 
Resistance (weight) training 3.5 02054 
Rowing Machine 7.0 02072 
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Running 8 12150 
Rugby 6.3 15562 
Sailing 3.0 18120 
Skating (Ice/Roller) 7.0 15590 
Squash 12.0 15650 
Swimming 5.3 18265 
Table tennis 6.0 15500 
Tai Chi 3 15670 
Tennis (Singles) 7.3 15675 
Tennis (Doubles) 4.5 15686 
Water aerobics 5.5 18355 
Yoga 2.5 02150 
Zumba 6.5 TBD* 
Social and Leisure 
Active video game (e.g. Wii Fit) 3.8 02003 
Arts and Crafts 1.8 09075 
Bowls 3.3 15465 
Attending church 1.3 20000 
Board Games 1.5 09000 
Dancing 7.8 03031 
Darts 2.5 15180 
Fishing 3.5 04001 
Meeting Friends  1.5 21000 
Playing an Instrument 2 10074 
Playing Cards 1.5 09010 
Seeing Children/Grandchildren 3 09101 
Sewing (machine) 2.8 05082 
Sexual Activity 1.8 14020 
Exercise class 5  02061 
* This is as specified by the compendium – MET value is provided, but code yet to be assigned. 714 
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